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The purpose of this study was to determine what collegiate athletes know 
about hydration, how they feel about what they know, and how they behave in 
regards to staying hydrated.  In addition, this study also sought to monitor how well 
athletes stay hydrated during intense preseason training and to determine if there was 
any significant correlation between what they knew and how well they maintained 
their level of hydration  A total of 74 athletes completed the survey to assess their 
knowledge, attitude and behavior regarding hydration.  Of those 74, 59 also allowed
monitoring of their hydration status using weight charts.  The mean age of the 
athletes participating in this study was 19.7±1.4 years.  The mean score for the entire 
survey was 115.54±10.79 and the mean scores for the knowledge, attitude, and 
behavior sections were 17.54±1.91, 84.01±9.01, and 13.98±2.71 respectively.   
Significant differences in knowledge scores (P<0.05) were noted between 
sophomores (18.0 ± 0.9) and seniors (16.7 ± 3.2), and those who listed their training 
intensity as high (18.1 ± 1.3)   and very high (17.3 ± 1.4).  There were no significant
differences noted among any of the demographic variables for the attitude section of 
the survey.  There were significant differences noted between some of the 
demographic variables for the behavior scores.  Both the men’s soccer team
(15.00±2.00) and the women’s soccer team (14.92±2.27) scored significantly higher 
on the behavior section than did the men’s cross country team (12.00±2.75)  and the
women’s cross country team (10.28±2.87).  In addition, the football team 
(13.45±2.50) also scored significantly higher than did the women’s cross country 
team (10.28±2.87).  Significant differences in behavior score were also noted 
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between those athletes who said they use fluid supplements (15.26±1.93) and those 
who don’t (13.54±2.81), and between those athletes who listed their intensity as 
moderate (11.37±2.66) and those who listed their training intensity as high 
(14.61±2.48) and very high (13.94±2.61).  There were no significant correlations 
between any of the survey scores and any of the weight chart data.  The athletes did 
well on the survey and appear to be very knowledgeable about general hydration 
information. However, there does not appear to be a strong relationship between 
knowledge and practice related to hydration. Based on the results of this study, 
allied health care professionals continue to need to  monitor athletes and how they 
maintain their hydration status.   
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In order for collegiate athletes to perform and train at their highest level it is 
crucial that they are properly hydrated.  However, athletes continue to participate in 
competition and training in a dehydrated state (Finn et al., 2004).  Ignorance of the 
importance of hydration; availability of fluids before, during, and after participation, 
and belief in misinformation about hydration are possible reasons for the lack of 
proper hydration (Nichols et al., 2005).  
The purposes of this study were to gain an understanding of how well 
athletes hydrate themselves for training and competition and what they perceive it 
takes to be properly hydrated.  There are several ways to monitor hydration, such as 
assessing plasma volume, urine specific gravity, urine color, and weight loss.  For the 
purpose of this study, weight loss was used to monitor hydration by having athletes 
weigh in before and after participation in training.  The weight loss during 
participation is mostly fluid loss so it is important for athletes to replace that fluid 
loss by the next practice or event.  By monitoring weight loss, an athlete can see 
approximately how much fluid they need to drink before the next practice or event.  
In this study the athletes’ ability to replace the fluid lost was used to determine how 
well hydrated they are.  The athletes’ perception of their own hydration and 
knowledge of hydration was measured using a survey.
The weight loss and survey data was gathered during preseason training at a 
NCAA division I institution.  The study included athletes participating in football, 
men’s soccer, women’s soccer, women’s volleyball, men’s cross country and 
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women’s cross country.  The surveys were administered once at a team meeting prior 
to the beginning of preseason training.  Those athletes who completed the survey 
were then asked to weigh before and after each training session.  The survey used for 
the study was modified from Nichols et al. (2005). Having the athletes weigh before 
and after training enables them to monitor their fluid loss and have an estimate of 
the amount of fluid they need to replace prior to the next training session.  This 
information was used for monitoring fluid replacement and for comparing adequacy 
of hydration with knowledge and admitted behaviors regarding hydration.  
The hypothesis of this study is that athletes do not adequately hydrate 
themselves for competition and training and that they lack an understanding of 
proper hydration.    
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CHAPTER TWO
REVIEW OF LITERATURE 
Hydration is an important but often forgotten aspect of nutrition.  The body 
is sixty percent water, so adequate hydration is a significant part of nutrition.  
However, as with all aspects of nutrition, circumstances may arise that will alter the 
needs for a nutrient.  Age, activity level, climate, and altitude can influence the fluid 
needs of an individual and increase risk for dehydration (Grandjean et al., 2004).  
Dehydration is the result of not meeting fluid needs and can lead to headache, coma 
or even death (Casa et al., 2000).  
The two main water compartments in the body are the intracellular 
compartment and the extracellular compartment (Grandjean et al., 2004).  Total 
body water is, on average, 60% intracellular and 40% extracellular (von Duvillard et 
al., 2004).  Blood plasma, lymph, saliva, fluid in the eyes, fluids secreted by glands 
and the digestive tract, fluid that surrounds the spinal cord, and fluid excreted by the 
skin and kidneys are all considered extracellular (Grandjean et al., 2004).  Twenty 
percent of this extracellular fluid, or approximately three to four liters, is blood 
plasma.  The fluid lost in sweat is mostly extracellular fluid, coming predominantly 
from the blood plasma (McCardle et al., 1996).  
The importance of water in the body cannot be overstated.  If an individual 
goes without water for only a few days they will die.  Water functions as the body’s 
transport medium, helping to move other nutrients and substances throughout the 
body.  Water also functions as the body’s reactive medium (Grandjean et al., 2004).  
The diffusion of gases in the body would not be able to take place without water, 
because water moistens the surfaces across which the gases diffuse (McCardle et al., 
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1996).  The body also disposes of waste products using water in urine and feces 
(Grandjean et al., 2004).  Water also helps to lubricate joints (McCardle et al., 1996).  
One of the most important functions of water in the body is temperature 
regulation.  Water is able to assist in this function of the body in part because of its 
high specific heat.  The specific heat of water is one, which means that it takes one 
calorie of heat to raise the temperature of one gram of water one degree Celsius.  
The average 70 kilogram man contains 42 kilograms of water.  This helps the body 
have a specific heat of 0.83, meaning that it takes 58 kilocalories to raise the body 
temperature one degree Celsius.  The fluidity of water combines with the high 
specific heat to also assist the body in transferring heat from areas of production to 
areas of dissipation with only a minimal increase in blood temperature.  One of the 
ways water helps to dissipate heat is through sweating; this is accomplished because 
water has a high heat of vaporization.  When a gram of sweat evaporates from the 
skin, the body loses 0.58 kilocalories of heat (Senay, 1998).  This process helps the 
body to cool itself when core temperature begins to rise.
The adequate intake for water has been set at 3.7 liters per day for men and 
2.7 liters per day for women (Institute of Medicine, 2004).  Water is easily obtained 
in the United States of America so the ability to meet the body needs of water is 
simplified since all beverages contain water, as well as most foods.  However, some 
beverages such as alcohol act as a diuretic and contribute to water loss.  The body 
also generates water during metabolic reactions to contribute to the water needed.  
Water is lost naturally through the body via urine, sweat, vapor from the 
lungs, and feces.  Climate and activity level can influence the amount lost through 
each individual avenue, but, on average, a sedentary person will lose between 1050 to 
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3100 milliliters of fluid per day and an athlete will lose between 1550 to 6730 
milliliters of fluid per day (Sawka et al., 2005).  By increasing water intake the urine 
concentration is diluted and the holding time in the bladder is diminished, which may 
help to decrease the risk of bladder cancer.  In addition, sufficient water intake can 
also protect against kidney stones, prostate cancer, and breast cancer (Whitney et al., 
2005).  
Along with the ingestion of fluids, another important aspect of proper 
hydration is ingesting and maintaining the proper quantities of electrolytes.  When 
electrolytes are present in the fluids that are ingested the body is able to do a better 
job of maintaining plasma volume.  Keeping electrolytes present in the fluids an 
individual ingests also helps to promote voluntary fluid consumption.  If only plain 
water is ingested there is an associated drop in plasma osmolality and sodium 
concentration, which in turn reduces the thirst mechanism (Shirreffs, 2004).  
Ingesting too much fluid without electrolytes can lead to hyponatremia.  
Sodium is the most prevalent ion in the extracellular fluid, so sodium is lost 
more than any other electrolyte in the sweat.  This sodium should be replaced to help 
maintain plasma volume.  Glucose absorption in the small intestine is stimulated by 
sodium via the active co-transport of glucose and sodium, which also creates an 
osmotic gradient that helps promote water absorption (Shirreffs, 2004).  For 
sedentary individuals the majority of their sodium is lost through urination.  If 
sodium concentration becomes too low the kidneys will retain sodium, and if sodium 
concentration becomes too high the kidneys will excrete sodium (Kenney, 2004).  
The average American consumes between eight to twelve grams of table salt 
per day, which is about 20 to 30 times the amount of sodium needed to replace the 
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obligatory losses (Kenney, 2004).  The adequate intake for sodium is set at 1.5 grams 
per day, with an upper limit set at 2.3 grams per day. (Institute of Medicine, 2004)  
However, the Institute of Medicine acknowledges that these levels may not be 
adequate for someone who is physically active and has a lot of fluid loss through 
sweat. 
The most important ion in the intracellular fluid is potassium. However, the 
role of potassium in retaining water in intracellular fluid is not as important as the 
role of sodium in retaining water in extracellular fluid (Shirreffs, 2004).  There is not 
a significant loss of potassium through sweat; potassium concentration in sweat will 
rarely exceed ten mmol per liter.  However, those who are physically active and lose 
large amounts of fluid through sweat may need to increase their potassium intake to 
account for this excessive loss (Kenney, 2004).  The Institute of Medicine sets the 
adequate intake for potassium at 4.7 grams per day (Institute of Medicine, 2004) and 
in most Americans these values are not met (Kenney, 2004).  
Another electrolyte that is lost through the sweat is magnesium.  Although 
not as important as sodium or potassium, a reduction in plasma magnesium 
concentrations may lead to muscle cramps.  However, this drop in plasma 
magnesium concentration is more likely due to the redistribution of compartmental 
fluid than to sweat loss.  Therefore, there does not appear to be a need to replace 
magnesium via fluid ingestion (Shirreffs, 2004).  The best strategy for ingestion of 
electrolytes is to eat a balanced diet, monitor fluid loss through sweating, and 
consider ingesting fluid with added electrolytes.
With increased exercise, there is an increase in both plasma and red cell 
volume (Convertino, 1991)   During exercise fluid is lost from the vascular volume.  
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This decrease in vascular volume will in turn increase the plasma concentration of 
certain hormones that are directly concerned with fluid and electrolyte balance.  
These hormones include aldosterone, anti-diuretic hormone, and atrial natriuretic 
peptide (Rocker et al., 1989).  The increase in aldosterone and anti-diuretic hormone 
help the body to retain sodium and water which accounts for the initial increase in 
plasma volume after physical activity.  Another factor contributing to the reduction 
in plasma volume during exercise is the osmotically active ions produced by 
muscular contractions, which cause water to move out of the vascular volume 
(Senay, 1998).  
The obvious loss of fluid during physical activity comes from sweating.  The 
body dissipates heat via convection and radiation.  When these two means of heat 
loss are insufficient in preventing an elevation in body temperature, there is an 
increase in blood temperature (Casa, 1999).  This increase in blood temperature 
flows through the anterior hypothalamus and stimulates the appropriate neurons to 
initiate sweat gland activity.  The sweat spreads over the body’s surface and 
evaporates into the atmosphere; this evaporation of sweat removes heat from the 
body’s surface, thus cooling the body.  The water used to form sweat is most readily 
accessible via the interstitial space, although it is apparent that each sweat gland is 
served by several capillaries.  This interstitial fluid makes up around 55% of the water 
lost in sweat, with plasma contributing around 10%, and the other 45% coming from 
the intracellular volume (Senay, 1998).  
The water lost through sweating reduces plasma volume, which in turn 
increases the concentration of red blood cells and the viscosity of the blood.  This 
lowers the ability of the body to adequately supply the muscles with oxygen and to 
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move a sufficient amount of blood through the vascular system thus compromising 
body cooling.  This causes the heart to work harder to move the same amount of 
blood, hence the increased heart rate.  There is also an associated reduction in blood 
flow to the kidneys causing the formation of urine to decrease (Senay, 1998).    
With all physically active populations there is a concern with performance.  
Those who participate in athletics want to perform at their optimal level.  One way 
to help these people to reach their peak performance is to make sure they are 
properly hydrated.  It is easy for athletes to become dehydrated because of the 
consecutive bouts of exercise they perform (Casa et al., 2000).  Fluid, electrolyte, and 
compartmental losses increase as the duration and intensity of exercise increase 
(Rehrer, 2001).  Loss of even one percent of body water can lead to a decreased 
ability to perform a set task (von Duvillard et al., 2004).  Coyle and Montain (1994) 
reported that increases in core temperature and heart rate can be diminished by 
drinking fluid to replace that lost through sweat.  In fact, the greater the percentage 
of fluid loss replaced, the less the increase in core temperature and heart rate and the 
lower the perceived exertion.  
Decreases in muscle strength can occur at levels of 5% dehydration.  In 
addition to decreased muscle strength, there is also a decrease in muscle endurance 
with dehydration levels as low as 3% and 4%.  There is also an associated decrease in 
maximal aerobic power at dehydration levels of 3% (Casa et al., 2000).        
Exercising in the heat can make it difficult to perform optimally, but not 
being prepared to exercise in the heat can lead to serious medical conditions even 
death.  The body temperature rises due to both the exercise and the energy that is 
wasted as heat.  When the environment is cool the body is able to transfer most of 
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the heat to the cooler air, but this transfer is diminished when the environment is 
hot.  In fact, the body takes on more heat (Maughan, 1997).  When exercising in the 
heat the cardiovascular system cannot simultaneously meet the demands of skin and 
muscle.  Maintenance of blood pressure takes precedence which places the body at 
risk for hyperthermia because blood flow to the skin is diminished.  For an athlete or 
physically active individual to perform consistently, they must be able to match heat 
gain with heat dissipation.  This becomes difficult in especially humid environments 
when the sweat produced is unable to evaporate and cool the body (Casa, 1999).  
Heat illness is a serious and sometimes deadly condition that can result from 
not being properly hydrated.  Heat illness is the third leading cause of death among 
all high school athletes in the United States.  Although dehydration is the most 
prevalent and easily corrected risk factor for heat illness there are others that should 
be considered.  Obesity, low physical fitness, lack of acclimatization, previous history 
of heat illness, sleep deprivation, medications, sweat gland dysfunction, upper 
respiratory or gastrointestinal illness, and climate are all risk factors for heat illness 
(Coris et al., 2004).  The best way to battle the onset of heat illness is to ensure 
proper hydration before and during activity.  The first step in ensuring proper 
hydration is providing education on the risks of heat illness and on maintaining and 
monitoring hydration status.  The next step is to ensure that participants are drinking 
enough before and during activity.  Finally, participants should know what to do to 
ensure adequate rehydration.   
Fluid needs during activity in the heat can reach levels of 10 liters or more 
(Murray, 1998).  It has been recommended that athletes consume an additional 500 
milliliters of fluid 2 hours before activity (Coris et al., 2004).  When it is especially 
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hot, athletes may be advised to drink an additional 250 to 500 milliliters of fluid 30 to 
60 minutes before exercise (Murray, 1998).  Athletes should also be educated on 
types of fluids to drink and what kinds of fluids to avoid.  For the most part before 
activity athletes should consume sports drinks, water or fruit juices and should avoid 
caffeinated and alcoholic beverages due to their diuretic effect.  It is also important 
for the athletes to have easy access to fluids before activity (Casa et al., 2000).  
Fluid requirements for cold environment are the same as those for temperate 
climates.  Being dehydrated in the cold can lead to a decrease in the efficiency of 
resistance to cold weather (Askew, 1998).  Sweating will not be a major source of 
fluid loss in cold climates.  However, water is lost in the cold as water from the 
respiratory passages is vaporized as an incoming breath of air is warmed (Sawka et 
al., 2005).  If this is coupled with diminished thirst mechanism in cold weather, 
dehydration can occur.  Preparing for exercise in the cold is the same as preparing 
for exercise in the heat, with the consumption of an additional 500 milliliters of fluid 
2 hours before participation and 250 to 500 milliliters of fluid 30 to 60 minutes 
before participation.  Maintaining hydration during activity in the cold weather is also 
important.  The best way to maintain hydration while exercising in the cold is to 
follow the same guidelines as exercising in the heat.  
There is another aspect of hydration to consider, and that is rehydration.  In 
some cases, there is need for additional fluid intake to replace the fluid and 
electrolytes lost.    Plain water does not replenish electrolytes, especially sodium, lost 
through sweat (Maughan, 1996).  The sodium and glucose in sports drinks help to 
replenish muscle glycogen as well as increase plasma volume and retain water (Puhl, 
1998).  Athletes can also prevent dehydration by monitoring their hydration status in 
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order to effectively re-hydrate themselves.  One monitor of hydration status is 
weight loss.  By weighing in and out before and after activity athletes are able to 
determine the amount of fluid needed in order to re-hydrate themselves properly 
(Godek, 2005).  It is also important to realize the need to not only match fluid loss, 
but exceed fluid loss to account for the obligatory urine loss.  For this reason it is 
suggested that a person should ingest 20 ounces of fluid for every pound lost during 
activity (Murray, 1998).  In addition, Casa et al. (2000) suggest that in order to 
replenish the fluid loss an athlete should drink about 25%-50% more than they lost 
in order to account for fluid lost through urination.  This would equate to 20-24 
ounces for every pound lost during activity.  Monitoring weight change during 
periods of intense training is an easy way for athletes to monitor their hydration 
status (Oppliger et al., 2002).  However, just because an athlete replaces the fluid loss 
does not mean they are 100% re-hydrated.  Plasma osmolality is not restored to 
baseline values when fluid ingestion matches a 5% loss in body weight and a 6% 
weight loss requires 48-72 hours to completely restore (Oppliger et al., 2002).  
Regardless of the limitations, monitoring body weight is an affordable, accurate, and 
universally accepted way of monitoring hydration status (Grandjean et al., 2003).  
Athletes can also be instructed to monitor the color of their urine to assess hydration 
status (Oppliger et al., 2002).   If properly hydrated the athlete should be urinating 
several times a day (Wetherall, 2003) and the urine should be light in color and not 
have a strong odor (Cheuvront, 2005).  A widely accepted and practical six point 
Likert color scale has been developed to aid in helping those look at the color of 
their urine to monitor hydration status (Oppliger et al., 2002).  Although a large 
ingestion of fluids can mask hydration status when using the urine color method, it is 
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still an affordable and accurate way for athletes to monitor their own hydration status 
(Oppliger et al., 2002).   Along with the ingestion of fluids, some athletes may try to 
re-hydrate after activity by receiving intravenous fluids.  There is no benefit to this 
type of rehydration and maybe even some minimal detriment, yet it is still used by 
many (Casa, 1999).  
Educating athletes on aspects of hydration is an important part of being an 
allied health care professional.  Only about 20% of athletes consume sports drinks 
while training and 40% of athletes consume alcohol on competition day.  Only 22% 
of collegiate athletes knew that sports drinks were a better fluid choice than water; 
which shows that some athletes lack a complete understanding of hydration (Nichols
et al., 2005).  By monitoring their weight, urine volume and urine concentration after 
activity athletes have solid guidelines to follow to ensure hydration.   
Despite all of the evidence to support proper hydration, athletes continue to 
participate in training or competition in a dehydrated state.  Finn et al. (2004) 
reported that 87% of athletes participating in an international competition for 
volleyball, basketball and touch football were in a dehydrated state.  In addition, 
Nichols et al. (2005) found that 33.1% of the athletes they surveyed could not 
correctly answer 80% of the questions they were asked about general hydration 
knowledge, including questions on NATA and ACSM position statements on 
hydration.  These guidelines set out in the NATA position statement include 
following hydration protocols, making drinks readily available, and making sure fluid 
replacement tries to match fluid loss through sweat and urine (Casa et al., 2000).  
However, athletes who understand the benefits of hydration on athletic performance 
were more likely to consume adequate fluid before dehydration occurs (Casa, 1999).  
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Athletes seek nutritional guidance from coaches, strength and conditioning staff, and 
athletic trainers.  Of these groups athletic trainers were the most frequent source of 






This study was designed to measure the knowledge, attitude, and behavior of 
collegiate athletes regarding hydration and to monitor their hydration status.  
Knowledge, attitude, and behavior were measured using a survey (Appendix A), and 
hydration status was monitored using weight charts.  Survey scores were then 
compared to hydration status to determine correlation between the two.  
Institutional Review Board approval was obtained prior to the start of this study and 
each athlete provided informed consent to participate in the study.
Football, men’s and women’s soccer, men’s and women’s cross country, and 
women’s volleyball were all in preseason training at the time of the study.  Every 
athlete on each of those teams was eligible to participate in the study.  A total of 74 
athletes completed the survey portion of the study, while only 59 documented their 
weights.  The athletes who did not document their weights were unable to do so 
because of their practice sites and times, or because their coaches were not 
comfortable with them disclosing their weights to us.  
The survey was modified from a previous study, which was based on 
position statements released by the American College of Sports Medicine and 
National Athletic Trainers Association (Nichols et al., 2005).  Permission to use the 
survey was obtained from the researchers who designed the survey (Appendix A).  
The survey has two parts.  The first part has 9 questions regarding demographic 
information.  The second part of the survey assesses an athlete’s knowledge, attitude, 
and behavior on hydration.  Each section of the survey asked the same questions 
with different wording.  The questions were in the same order in each section.  
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Those questions in the knowledge section were answered true or false, the questions 
in the attitude section were answered using a 5-point Likert scale (strongly agree to 
strongly disagree), and the questions in the behavior section were answered either yes 
or no.  There are 20 questions in the knowledge section, 20 in the attitude section, 
and 18 in the behavior section.  There are 18 questions in the behavior section 
because the Institutional Review Board asked that two questions be removed 
because they may ask about use of illegal substances.  Three other questions were 
deleted from the original survey because they were not relevant to the present study.  
Each correct answer in the knowledge section was given a score of 1 and 
each incorrect answer was given a score of 0, so the maximum score in this section 
would be a 20 and a minimum score would be 0.  The questions in the attitude 
section were scored on the 5-point Likert scale with the maximum score on each 
question a 5 and the  minimum score a 1.  A maximum attitude score would be a 100 
and a minimum attitude score would be a 20.  The questions in the behavior section 
were scored 1 and 0, with 1 assigned to each correct answer and 0 assigned to each 
incorrect answer, so the maximum behavior score would be 18 and a minimum 
behavior score would be 0.  An overall score of 138 would equal a perfect score on 
the survey.  Surveys were scored using SAS version 9.1 for Windows (trademark).  
The questions that were answered correctly in the negative direction were inverted 
using SAS to make sure that scoring consistency was maintained.  
  During preseason training, many athletes monitor their weight loss using 
weight charts.  These weight charts were used in the study to monitor rehydration by 
the athletes.  Athletic trainers facilitate the use of these weight charts by making a 
scale available, posting the charts in the locker rooms, and reminding the athletes to 
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weigh in and weigh out.  Permission to use the weight charts was obtained from the 
athletes in the informed consent form.  There are missing data for some of the 
athletes when they failed to weigh.  Weight charts were compiled during the 
preseason training for all of the sports except for men’s and women’s cross country.  
Men’s and women’s cross country abstained from participating in this part of the 
study due to practice location and coach’s request.  
Data obtained from the weight charts were the percent weight loss replaced 
between training sessions and percent weight loss per training session.  Percent 
weight loss replaced was calculated by subtracting weight from after the first training 
session from weight before the second training session and dividing by weight loss 
from the first training session.  The closer a number approaches 1 or 100% the 
better that athlete has done in replacing the fluid lost in a training session.  A 
negative number means the athlete has lost weight between training sessions.  The 
other number compiled from the weight charts was percent weight lost per training 
session.  This number reflects, on average, fluid loss by athletes in a training session.  
This number was calculated by dividing amount of weight lost in a training session 
by the initial weight of the athlete.  These numbers help identify which types of 
athletes are at a greater risk for dehydration because of inadequate fluid replacement 
or excessive fluid loss.
Data Analysis
SAS version 9.1 for Windows (trademark) was used to perform all the 
statistical analysis for this study.  Frequencies for demographic information, such as 
gender, ethnicity, year in school, team, training duration, training intensity, 
supplement use, and prior education were determined.  Means were calculated for 
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scores on each individual section of the test, age, percent weight lost in a training 
session, and percent weight replaced in between training sessions.
Cronbach’s alpha was used to measure how well each section of the survey 
measured its respective latent construct (i.e. knowledge, attitude, behavior).  A score 
of 0.70 is viewed as strong, which means that it does a good job of measuring its 
respective latent construct. The study from which the survey was modified had very 
strong Cronbach’s alpha scores, 0.94, 0.92, and 0.96 for knowledge, attitude, and 
behavior, respectively (Nichols et al., 2005).  
Analysis of variance was used to compare groups of athletes by their survey 
scores.  Comparisons were made between males and females, year in school, team, 
training duration, training intensity, supplement use, and prior education.  Level of 
significance for these tests was set at P<0.05.





Seventy-four athletes completed the survey and 59 athletes documented 
weights in the weight charts.  Athletes from football, men’s soccer, women’s soccer, 
women’s volleyball, men’s cross country, and women’s cross country participated in 
the survey, and all of these athletes documented their weights during preseason 
training with the exception of men’s and women’s cross country.
Cronbach’s Alpha
The raw Cronbach’s alpha scores were 0.19, 0.70, and 0.61 for knowledge, 
attitude, and behavior, respectively.  The standardized scores for attitude and 
behavior were 0.76 and 0.64, respectively.  There was no standardized score for the 
knowledge section.  (Appendix C)
Demographic Information
There were 35 females and 39 males who participated in this study.  The 
average age of the athletes in this study was 19.7 ± 1.4 years.  The males had an 
average age of 20.1 ± 1.5 years while the females had an average age of 19.4 ± 1.2 
years.  
Along with age, athletes were asked to give their year in school.  The answers 
for year in school were freshmen (1), sophomore (2), junior (3), senior (4), and 5th
year senior (5).  The mean number of years in school for all of the athletes was 2.6 ± 
1.2.  The mean number of years in school for males and females was 2.8 ± 1.1 and 
2.3 ± 1.2, respectively.  
The females included 26 women’s soccer players, 7 women’s cross country 
runners, and 2 women’s volleyball players.  The 39 males represented 11 football 
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players, 22 soccer players, and 6 cross country runners.  Of the 74 athletes 56 were 
Caucasians, 13 were African-Americans, 3 were Latin-Americans, 1 was mixed, and 1 
was other.  
Forty-six of the athletes answered yes to a question as to whether they had 
any prior education on hydration before taking the survey, 27 answered no, and 1 
athlete abstained from answering the question.  In response to a question asking if 
they took any kind of supplement to help them stay hydrated, 19 answered yes and 
55 answered no (Appendix B). 
Athletes were asked how many hours they train a day on average during the 
preseason and to rate the intensity of these training sessions.  The possible answers 
for training intensity were very low (1), low (2), moderate (3), high (4), and very high
(5).  The possible answers for training duration were less than 3 hours (1), 3-5 hours
(2), 5-7 hours (3), 7-9 hours (4), and more than 9 hours (5).  Mean training duration 
score was 2.28 ± 0.71 for all athletes, 2.45 ± 0.52 for football, 2.34 ± 0.68 for 
women’s soccer, 2.54 ± 0.59 for men’s soccer, 3.00 ± 0.00 for volleyball, 1.16 ± 0.40 
for men’s cross country, and 1.71 ± 0.48 for women’s cross country.  Mean training 
intensity score for all athletes was 4.35 ± 0.67, 4.90 ± 0.30 for football, 4.57 ± 0.57 
for women’s soccer, 4.28 ± 0.46 for men’s soccer, 3.00 ± 0.00 for volleyball, 3.50 ± 
0.54 for men’s cross country, and 4.00 ± 0.81 for women’s cross country (Appendix 
B).  There was a statistically significant difference in training duration among teams. 
According to the analysis of variance, the men’s cross country team had a 
significantly shorter training duration than the football (P<0.0001), volleyball (P
=0.0004), and both soccer teams (P<0.0001).  There were no statistically significant 
differences in training duration among the other teams.  There were also some 
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statistically significant differences in training intensity among the teams.  Football 
players rated the intensity of their training significantly higher than athletes from 
men’s soccer (P=0.0025), volleyball (P<0.0001), men’s cross country (P<0.0001), 
and women’s cross country (P<0.0001).  Women soccer athletes rated their training 
intensity significantly higher than athletes from volleyball (P=0.0001), men’s cross 
country (P<0.0001), and women’s cross country (P=0.0134).  Athletes from 
volleyball rated the intensity of their training significantly lower than athletes from all 
other sports (Appendix B).  
Knowledge
The maximum knowledge score recorded was 20 and the minimum 
knowledge score recorded was 6.  The overall mean knowledge score was 17.54 ± 
1.91.  Nine of the 74 athletes (12.16%) recorded a perfect score of 20.  Questions 2, 
5, 6, 7, and 8 were answered correctly by every athlete.  These questions were related 
to signs of dehydration and whether one should drink fluids during training and 
competition (Appendix B).  
Responses to questions 1 and 3 were most often answered incorrectly.  
Question 1, “Using salt tablets keeps athletes from getting dehydrated during training 
and competition” was correctly answered by 32 (45.1%) of the athletes, while 38 
(52.1%) answered question 3 “Thirst is the best indicator of dehydration” correctly.
There were no significant differences between males and females on 
knowledge scores.  Mean knowledge score for males was 17.3 ± 2.3 and the mean 
knowledge score for females was 17.8 ± 1.4 (Appendix B).  
There were also no significant differences among the teams.  Football had a 
mean knowledge score of 17.0 ± 1.7, women’s soccer had a mean knowledge score 
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of 17.9 ± 1.4, men’s soccer had a mean knowledge score of 17.4 ± 2.8, volleyball had 
a mean knowledge score of 16.5 ± 0.7, men’s cross country had a mean knowledge 
score of 17.5 ±1.4, and women’s cross country had a mean knowledge score of 17.7 
± 1.0 (Appendix B).  
There were also no significant differences in knowledge scores between those 
who had prior hydration education and those who had not had prior hydration
education  The mean knowledge score for those with no prior hydration education 
was 17.3 ± 2.6, while the mean knowledge score for those who had prior hydration
education was 17.7 ± 1.4.  
There were no significant differences in knowledge scores between those 
who used fluid supplements and those who did not.  The mean knowledge score for 
those who use some kind of fluid supplement was 17.0 ± 3.0 and 17.7 ± 1.3 for 
those who did no.  
The final demographic variable used to compare knowledge scores was class 
year.  The only significant difference noted was between 4th year students (seniors) 
and 2nd year students (sophomores).  The mean knowledge scores by class year were 
freshmen, 17.7 ± 1.3; sophomores, 18.0 ± 0.9; juniors, 17.7 ± 1.4; seniors, 16.7 ± 
3.2; and 5th year seniors, 17.0 ± 1.0.  
There were no significant differences in knowledge scores associated with the 
different training durations, however, there was a significant difference in knowledge 
scores among the training intensities.  Those athletes who listed their training 
intensity as high (18.1 ± 1.3) had a knowledge score significantly higher from those 
who said their training intensity was very high (17.3 ± 1.4).  
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Attitude
The maximum attitude score recorded was 96 and the minimum attitude 
score recorded was 30.  The minimum score may be misleading as one athlete 
returned a survey in which an entire page of questions in the attitude section had not 
been answered.  The next score above 30 was 67.  No athlete achieved a perfect 
score (100) on the attitude section, and only 2 (2.7%) obtained the highest score of 
96.  The mean attitude score was 84.01 ± 9.01.  Since the attitude section was scored 
on a Likert scale it is not surprising that a perfect score was not obtained because 
although agree or disagree is technically a correct answer depending on the question 
a strongly agree or strongly disagree answer may be the more appropriate answer.    
Most of the athletes answered questions 23 and 25 correctly.  Question 23 “I 
believe if I experience nausea, headache, vomiting, or muscle cramps I may be 
dehydrated” was answered agree or strongly agree 98.65% (n=73) of the time while 
question 25 “I believe dehydration decreases my athletic performance” was answered 
agree or strongly agree 97.29% (n=72) of the time.  Questions 22 and 36 were 
answered incorrectly most frequently.  In response to the question, “I believe using 
salt tablets will keep me from getting dehydrated during training and competition,” 
72.97% (n=54) of athletes answered strongly disagree, disagree or undecided and 
53.42% (n=39) answered strongly disagree, disagree or undecided for “I believe 
when exercising for more than an hour, I should drink a sports drink rather than 
water.”  
There were no significant differences in attitude score between gender, team, 
class year, training duration and training intensity.  There was also no significant 
difference between those who had prior hydration education and those who did not, 
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as well as no significant difference between those who said they used fluid 
supplements and those who did not (Appendix B).  
Behavior
The maximum score recorded in the behavior section was 18.  This score 
was achieved by 5.41% (n=4) of the athletes.  The minimum score recorded in the 
behavior section was a 6 recorded by only 1 athlete.  In theory, someone achieving a 
high score on the behavior section would do an adequate job of staying hydrated.  
The mean behavior score was 13.98 ±2.71.  Athletes did exceptionally well on 
questions 46, 47, 49, 50, and 57 with 95.95% (n=71), 95.95% (n=71), 94.59% 
(n=70), 90.54 (n=67), and 94.52% (n=69) answering correctly, respectively.  These 
questions related to whether or not they drank fluids during practice and whether or 
not fluids were readily available during practice and competition.  Question 46 was “I 
drink plenty of fluids so my athletic performance will not decrease due to 
dehydration”, question 47 was “I do not drink water or some type of fluid during 
practice”, question 49 was “Fluids are readily available to me during practice”, 
question 50 was “Fluids are readily available to me during competition”, and 
question 57 was “I use the color of my urine to determine if I am dehydrated.”  
Questions 55, 56, 58, and 59, were the questions that were missed with the most 
frequency.  Thirty (41.10%) of the athletes missed question 55 “I drink at least 3.7 
liters of water a day or 2.7 liters of water a day, for men and women respectively”.  
Question 56 “I drink sports drinks rather than water when competing for more than 
an hour” and question 59 “I use excessive sweating to warn me if I am getting 
dehydrated” were both missed by 43.84% (n=32) of the athletes.  Question 58, “I 
weigh myself before and after practice to see how much weight I have lost from 
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sweating and use this to determine how much water or sports drink to consume”, 
was missed by 45.21% (n=33) of the athletes.  Women’s soccer (14.92 ± 2.27) and 
men’s soccer (15.00 ± 2.00) had significantly higher behavior scores than men’s cross 
country (12.00 ± 2.75) and women’s cross country (10.28 ± 2.87).  Football also had 
a significantly higher behavior score (13.45 ± 2.50) than women’s cross country 
(10.28 ± 2.87).  There was also a significant difference in behavior score between 
those who said they use fluid supplements (15.26 ± 1.93) and those who do not use 
supplements (13.54 ± 2.81).  Significant differences in behavior scores were also 
noted between the different levels of training intensity.  The significant differences in 
behavior scores among the different training intensities were between those who said 
their intensity was moderate (11.37 ± 2.66) and those who said their intensity was 
high (14.61 ± 2.48) and very high (13.94 ± 2.61).  There were no significant 
differences noted between gender, class year, and whether or not they had received 
prior hydration education (Appendix B).  
Total Score
The highest total score on the survey was 131 or 94.92%, which was 
obtained by 1 athlete.  The lowest score was 58 or 42.02%; however, one athlete 
submitted a survey with a page of questions not answered.  The next lowest score 
was 95 or 68.84%.  The mean total score was 115.54 ± 10.79 or 83.72%.  There were
no significant differences in total scores between gender, team, class year, education, 
supplements, training intensity, and training duration (Appendix B).  
Weight Charts
There were no significant differences between gender, team, class year, 
training intensity, prior hydration education, and fluid supplement use for the mean 
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percent weight loss replaced.  However, there was one significant difference in 
percent weight loss replaced between women soccer players who said their training 
duration was 5-7 hours per day and men soccer players who said their training 
duration was 5-7 hours per day.  The mean percent weight loss replaced for the male 
soccer players was 104.66% and the mean percent weight loss replaced for the 
female soccer players was 41.93% (Appendix B).  
There were also some significant differences noted between percent weight 
loss numbers among some of the demographic variables.  There were significant 
differences in percent weight loss between class year, prior education, supplement 
use, and training intensity.  There were no significant differences in percent weight 
loss found between gender, team, and training duration.  There were also significant 
differences in percent weight loss noted among women’s soccer players who use 
fluid supplements (3.3%), football players who do not use fluid supplements (0.7%), 
men’s soccer players who do not use fluid supplements (1.2%), and women’s soccer 
players who do not use fluid supplements (1.2%).  The only significant difference in 
percent weight loss between those who had prior hydration education and those who 
had not was between women’s soccer players who had received hydration education 
(2%), and women’s soccer players who had not received hydration education (0.6%).  
There was also only one significant difference in percent weight loss noted between 
different training intensities.  The difference was between football players who rated 
their training intensity as very high (0.7%) and women’s soccer player who rated their 
training intensity as very high (2%). 
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Survey and Weight Chart Correlation
The survey data and the percent weight loss data were combined and used to 
determine correlations.  The athlete who did not complete a page of the attitude 
section of the survey was removed from this analysis.  There were 3 correlation 
procedures performed using SAS, one for males, one for females, and one for all of 
the athletes.  Among the females, there were significant correlations between total 
score and knowledge score, total score and behavior score, and total score and 
attitude score.    There was also a correlation between knowledge and attitude scores 
for females.  No correlation was noted for any of the scores and the weight chart 
data.  (Appendix C)
For the males the same correlations were noted between total and the other 
sections of the survey.  In addition, there was also a positive correlation between the 
attitude and behavior scores.  When males and females were pooled together there 
was a significant correlation between total score and the three section scores of the 
survey.  There was also a significant positive correlation between attitude and both 





Normally, a Cronbach’s alpha score above 0.70 is viewed as strong so the 
attitude score measures the athletes’ attitudes about hydration accurately.  The score 
of 0.64 for behavior also indicates that it accurately measures behavior.  The raw 
knowledge score of 0.19 and lack of  standardized knowledge score indicates that the 
survey did not accurately measure athletes’ knowledge of hydration.  Some possible 
reasons for this low score are that several of the questions received the same answer 
from all of the athletes surveyed.  Questions 2, 5, 6, 7, and 8 were answered correctly 
by all athletes.  This means one of three things--either the athletes were 
knowledgeable about hydration, the questions asked were common knowledge, or 
there were different kinds of knowledge assessed in the knowledge section of the 
survey.  For example, questions 5, 6, 7, and 8 were all answered correctly and were 
related to whether or not athletes should drink fluids during training and 
competition.  On other concepts of hydration such as adequate fluid intake levels, 
athletes were less knowledgeable.   In other words, the knowledge section measured 
more than one latent construct.  However, these low Cronbach’s alpha scores were 
not expected because the previous study performed by Nichols et al. (2005) 
produced high Cronbach’s alpha scores for all three sections of the survey.  The 
Cronbach’s alpha levels for knowledge, attitude, and behavior in the Nichols et al.
(2005) study were 0.94, 0.92, and 0.96 respectively.  In the present study, questions 
were added to each section of the original survey and the questions added may have 
measured a different area of hydration knowledge than the original questions.  For 
example, questions 14 (Adequate intake for water has been set at 3.7 liters and 2.7 
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liters for men and women respectively. True or False), 35 (I believe I should drink 
3.7 liters of water a day or 2.7 liters of water a day, for men an women respectively, 
to fulfill my adequate intake. Likert Scale), and 55 (I drink at least 3.7 liters of water a 
day or 2.7 liters of water a day, for men and women respectively. Yes or No) were 
added to the knowledge, attitude, and behavior sections, respectively.  In the case of 
question 55, it was the most frequently missed question in the behavior section.  To 
the contrary, question 2 (Nausea, headache, vomiting, and muscle cramps are all 
signs of dehydration. True or False) was answered correctly by every athlete who 
completed the survey, and thus may have affected the Cronbach’s alpha score for the 
knowledge section.  In addition the lower attitude score may be due to the fact that 
the questions in the attitude section of this study were scored with their respective 
answer on the Likert scale, whereas Nichols et al. (2005) scored an attitude question 
correct as long as it was scored in the positive direction.    
Of the 74 athletes who participated in the study, 46 reported that they had 
received some sort of nutrition or hydration education prior to participating in the 
study.  In addition, 19 of the athletes said they used some sort of supplement to help 
them stay hydrated.  The 74 athletes also had a mean training duration score of 2.28
± 0.71, which equates to an average training duration of 3-5 hours per day and a 
mean training intensity score of 4.35 ± 0.67, which equates to a training intensity of 
high to very high.  This information suggests that athletes participating in this study 
train and compete at a high intensity for an extended period of time, and that the 
majority seem to have some sort of prior knowledge of hydration.  Only 62.1% of 
the athletes in this study had any prior hydration education, yet the scores were 
higher than those of athletes from a previous study in which 87.1% of the athletes 
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stated that they had received prior hydration education (Nichols et al., 2005).  It is 
possible that the hydration education received by the athletes in this study was more 
athletics specific, thus they may have received more information about proper 
hydration.     
As expected the athletes performed very well on the survey, with a mean 
score of 115.54 ± 10.79 or 83.72%.  This indicates that the athletes have a good 
knowledge about proper hydration, a strong belief in that information, and that they 
use it as a guide to stay hydrated.  The mean correct score of 83.72% is higher than 
the 70.78% reported by Nichols et al. (2005).  The survey used in this study was 
based on that used by Nichols et al. (2005).   
Overall, the athletes did well on the knowledge section of the survey with a 
mean knowledge score of 17.54 ± 1.91 or 87.7%.  The only two significant 
differences noted were between class year and training intensity.  The 2nd year 
students scored significantly higher on the knowledge section than did the 4th year 
students, and the athletes who listed their training intensity as high scored 
significantly higher than those who listed their training intensity as very high.  The 
high knowledge scores may reflect age and years of collegiate experience   The mean 
age for athletes participating in this study was 19.74 ± 1.39 and the mean year in 
school was 2.58 ± 1.19, meaning that, on average, they have been participating in 
athletics at the collegiate level over 2 years.  Athletes in the study performed by 
Nichols et al. (2005) answered 81.7% of their knowledge section questions correctly, 
even though they were similar in mean age 19.8 ± 1.5.  However, the majority of the 
athletes in the study performed by Nichols et al. (2005) were underclassmen (56.8%), 
compared to the mean class year of the athletes in the present study of 2.58 ± 1.19 
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indicating upperclassmen status.  It has been well documented and reported that 
dehydration can lead to a decrease in performance (von Duvillard, 2004), so it is not 
surprising that athletes training and competing at a high level would have good 
knowledge about hydration information.  
Overall the athletes did well on the attitude section of the survey.  The mean 
score was 84.01 ± 9.12 out of a possible 100.  There were no significant differences 
noted for attitude scores between any of the demographic variables.  Furthermore, 
attitude scores were significantly correlated with both behavior and knowledge 
scores.  It is hard to compare the results from the attitude section of this study to the 
results of Nichols et al. (2005) since they scored the attitude section of the survey by 
direction of attitude only and not by strength of attitude.  Nevertheless, the mean 
attitude score was 58.8% in the Nichols et al. (2005) study, meaning that the attitude 
questions were answered in the right direction 58.8% of the time.  In this study, the 
mean score was 84.01 out of a possible 100.
The behavior section of the survey asks whether or not athletes follow 
certain hydration methods.  The behavior score should be a direct reflection of how 
well athletes re-hydrate themselves.  The mean behavior score for the study was 
13.98 ± 2.71 or 77.66%. Although the score of 77.66% is high, it is not as high as 
either the knowledge or attitude mean scores.  The men’s and women’s soccer teams 
both scored significantly higher on the behavior section than did the men’s and 
women’s cross country team.  This may be explained by the fact that both the men’s 
and women’s soccer teams had significantly higher training duration and training 
intensity scores than both the men’s and women’s cross country teams.  This is 
further supported by the fact that those who had higher training intensities and 
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durations scored significantly higher on the behavior section than others.  Also those 
who said they used supplements to aid in hydration scored significantly higher than 
those who did not.  Nichols et al. (2005) also found a significant difference in 
behavior score between endurance and skill sports, however soccer and cross 
country were both considered endurance sports, whereas in this study they were 
separated by individual team.  Overall, the athletes in the previous study scored 
about the same as the athletes in this study scoring 72.9% correct compared to 
77.66% correct (Nichols et al., 2005).  The behavior scores are the most significant 
scores because, if answered honestly, they are a direct reflection of how well athletes 
re-hydrate themselves.    
The weight chart data provides information on how well the athletes 
hydrated themselves in between training sessions.  The only significant differences in 
percent weight loss replaced were noted between the men’s soccer players and 
women’s soccer players who trained for the same amount of time.  The men’s soccer 
players had a mean of 104.66% meaning they completely replaced their fluid loss and 
then some, while the women had a mean of only 41.93%.  Godek et al. (2005) 
studied hydration status in collegiate football players during preseason and found 
that the players consistently lost weight due to fluid loss over an 8 day period.  
Although this study just used a flat weight measurement rather than a percentage, it 
appears that athletes participating in preseason training may lose significant amounts 
of weight due to fluid loss, and thus affect their hydration status.  There was no 
significant negative correlation between total score and percent weight loss replaced 
for all of the athletes nor was there a significant positive correlation between high 
scores on the survey and high percent replacement.  
34
There are several possible explanations for the results of this study.  First, 
perhaps the athletes used for the study were knowledgeable about hydration and 
practiced good habits in regards to hydration.  There are also several sources of 
possible errors in the weight log data given that the athletes were responsible for 
weighing themselves and recording their weights.  Another source of possible error 
is that the study was not designed to control or measure fluid intake or fluid loss 
during training sessions, which may have impacted body weight.  The athletes at this 
University appear to be very knowledgeable about hydration, but it can not be 
proven that their knowledge results in adequate re-hydration in between training 
sessions.  For this reason it is important to continue to educate collegiate athletes 
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Correlation Coefficients for Survey and Weight Chart Data
Females


































































































































































































Variables Mean Standard 
Deviation
Raw Standardized
Knowledge 17.5405405 1.9102405 0.195273 .
Attitude 84.0135135 9.0136780 0.706629 0.768759
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